Introduction
Although breathlessness is the most common symptom in chronic obstructive pulmonary disease (COPD), there is an increasing awareness of pain in this population with a prevalence of 66% in older people with COPD 1 compared to 25% in those without COPD. 2 The pathophysiology of pain is complex, and the details are rarely reported, but osteoporosis and osteoarthritis are identified risk factors. 3 Pulmonary rehabilitation (PR) is recommended to address breathlessness, diminished exercise capacity, psychological symptoms, and health-related quality of life. 4 Endurance-based exercise training is the cornerstone of PR, and the presence of pain has been reported to inhibit patients' ability to successfully complete the training program. 5 For some patients, dyspnoea on even light exercise elicits pain. 6 Given the high prevalence of comorbidities in COPD, 7 the association between pain and reduced physical function 8 as well as the influence of breathlessness on pain, 6 it is not surprising that patients describe pain as negatively affecting exercise training in PR.
understand the views of health care providers (HCPs) and individuals with COPD on pain within the context of PR. The aims of this study were twofold: 1) to explore the views of HCPs, responsible for delivering PR, on pain in individuals with COPD and 2) to understand the opinions of patients enrolled in PR on the impact and influence of pain and to explore whether they feel their pain needs are currently being met.
Methods

study design
A collaborative, international, qualitative study design was conducted between the UK and Canada. Ethical approval was obtained from Teesside University research ethics committee, the NHS research ethics committee, South Tees Hospital NHS Foundation Trust Research and Development, and The Joint Bridgepoint Health -West Park Healthcare CentreToronto Central Community Care Access Centre -Toronto Grace Health Centre Research Ethics Board. All participants provided informed consent.
Participants
Recruitment took place at PR programs within the South Tees Hospitals NHS Foundation Trust, UK, and at West Park Healthcare Centre, Ontario, Canada. Convenience sampling was used to target HCPs responsible for delivering PR and individuals with COPD enrolled in PR programs. Individuals with COPD who reported experiencing pain were considered eligible. Individuals were excluded if they had a respiratory diagnosis other than COPD; did not report pain; or were unable to communicate because of language skills, hearing, or cognitive impairment.
Data collection
Eighteen HCPs completed an interview (seven UK and 11 Canada) and 19 patients (nine UK and 10 Canada) (Figure 1 ). Recruitment was considered to be complete once data saturation was reached. This occurred following 15 interviews with HCPs and 18 interviews with individuals with COPD and was confirmed in a further three interviews with HCPs and one interview with a patient.
Demographic data were recorded and individuals with COPD also completed the Brief Pain Inventory (Short Form) (BPI). 10 The BPI consists of nine items and evaluates the severity and impact of pain. Ratings are provided on a 10-point scale ranging from 0 (no pain) to 10 (worst pain). The BPI has high internal consistency and validity in people with COPD.
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Face-to-face semi-structured interviews with HCPs and patients with COPD were performed by two researchers, one at each site. The interviews were held in a quiet space at the hospitals and lasted ~30 minutes. The content of the interview schedules (Supplementary materials) was informed by a previous systematic review 1 and a qualitative study. 9 
Data analysis
The interviews were audio recorded and transcribed verbatim by a professional transcriber. The data were stored and organized using a computer software program (QSR NVivo version 10; QSR International, Doncaster, Australia) and analyzed using inductive thematic analysis (ITA) following the procedure described by Hayes. 12 SH completed the initial coding, which involved grouping units of text into categories and provisionally labeling them. Two researchers (SH and HE) completed this step independently for two transcripts, agreeing the categories before SH coded the remaining transcripts. SH and HE reviewed the original transcripts and ensured that the labels and descriptions assigned to each code were accurately supported by the data. Categories were then grouped into emerging themes agreed on by the two researchers. Each data set (HCPs and individuals with COPD) was analyzed separately and presented to other members of the research team (AL, CR, and DM). During this team meeting, relationships were discussed between the themes and the findings from the two data sets were combined. Tables 1 and 2 , respectively. Pain-related information of individuals with COPD, including results from the BPI, is given in Table 3 .
Three overarching themes were identified from the data: 1) interaction between pain and COPD, 2) pain interfering with PR, and 3) an intervention to manage pain. Nine individuals with COPD also highlighted other benefits of PR, not related to pain. These benefits of PR are well described in the qualitative literature 13 and the prevalence and impact of pain has also been documented. 1 Therefore, these findings were largely bracketed although they provide context for the individuals' views.
Interaction between pain and COPD Pain was identified in a variety of locations, some common in elderly individuals without COPD; back, shoulders, hips, and knees and others more specific to those suffering with COPD; headaches and thoracic pain. Three patients blamed coughing for their thoracic pain: One patient assigned the pain in her neck due to the use of a continuous positive airway pressure (CPAP) mask. The HCPs also assigned rib pain to the effort of breathing and coughing while shoulder and neck pain was described as a consequence of anxiety and tension associated with the increased effort of breathing. Sixteen HCPs considered pain to be related to breathlessness and nine felt that anxiety was an important factor:
Neck and shoulder pain is a big one you know because they get themselves so worked up and then they can't breath and then they're using all their muscles in the neck and their shoulders to breath. [HCP 1 UK] They will say 'I can't breathe because I got pain. [HCP 5 Canada] All but four patients articulated that pain and breathlessness were inter-related, and these patients tended to have greater pain severity according to the BPI: Some patients were unclear whether their pain was a consequence of COPD or an independent comorbidity. Not knowing made patients question the legitimacy of pain wondering if it is "all in my head" [Patient 3 Canada] .
Those patients who described pain as separate from their COPD had suffered with pain prior to their COPD diagnosis:
That has nothing to do with my erm COPD. Because I've had that long before I had COPD. [Patient 2 Canada] They also commented on the role of other conditions such as arthritis, sciatica, restless leg and angina:
My chest pain er is a mixture of angina and er COPD pain.
[ Patient 6 UK] Only two patients articulated that pain was the result of "wear and tear" [Patient 9 UK] associated with aging, although this was overwhelmingly the opinion expressed by HCPs:
Pain tends to come with wear and tear a lot more with age.
[ HCP 3 Canada] An acceptance of the reality of living with pain seemed to reduce the emotional impact of pain and improve patients' ability to cope by removing the element of uncertainty: Both the groups acknowledged patients' reluctance to communicate pain for fear of it being dismissed, maintaining stoical attitudes, or anticipation that they may be removed from the program:
They might be in chronic pain they just don't say anything because they think that nobody will care. Both HCPs and individuals with COPD described patients' increased willingness to report their pain to HCPs as the program progressed, emphasizing the necessity of building a rapport with patients:
You build up that little bit of a rapport with them and they do feel like they can come to you and let you know so yeah.
[HCP 1 UK]
Patients also described being more likely to communicate their pain to HCPs once they understood the aims of PR:
I don't really like to talk about it because to me you're wimping out when I first came here, I don't feel that way now. [Patient 6 Canada] Patients' ability and willingness to engage socially with others during the PR program was influenced by pain: I think it does sort of ah also affect how much they socialise because it affects your mood when you're in pain.
[ HCP 4 Canada] HCPs identified pain as a key contributor to patients' missing classes, dropping out of the program, or even refusing to attend in the first place:
We've had a few patients over the years who have stopped rehab because of the pain escalating. [HCP 10 Canada] There's been quite a few kind of drop outs because of pain. [HCP 6 UK] One HCP indicated that PR was not appropriate for patients with COPD and severe pain:
Of course if the pain is not severe pain, otherwise they should not even come to the programme. [HCP 8 Canada] Yet, more than half of the patients, experiencing both chronic and incidental pain, voiced the belief that There's no gain without pain. [Patient 6 UK] For these patients, pain was a necessary part of PR, facilitating recovery and improvement.
Patients described PR as a welcome source of distraction from pain:
You usually do maybe 10 minutes on the treadmill but the day that you're in pain maybe only do 5 minutes but er you're still doing something and you're not just sitting there thinking about the pain. [Patient 3 Canada] HCPs noted that improved muscle strength and a heightened sense of control diminished the impact of pain:
If they persevere I think it can make a big difference, erm because the exercises that we do in pulmonary rehab not only helps to rebuild kind of the strength of respiratory muscles helps with all muscles within the joint [HCP 6 UK] It gives them confidence that they can actually move with knee pain, or back pain and actually still do some activity, some exercise. [HCP 5 UK] advice and strategies for managing pain Six HCPs acknowledged that their major focus during PR is shortness of breath:
We are so focussed on pulmonary when patients have pains sometimes I don't believe we deal with it that well.
[ HCP 1 Canada] Although fifteen HCPs described adapting exercises for patients suffering with pain:
I'll modify activities so they're still maybe using the joint 
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We will like make an easier version of the exercise.
[ HCP 2 UK] Almost half of the HCPs will discontinue exercise if it provokes pain:
If they're in any pain or they look like they're in pain we ask them to stop. [HCP 4 UK] Patients value this reassurance and it engenders a sense of safety and trust in HCPs:
'Well take it easy, don't overdo it' and it's reassuring to hear that because you think well am I just dropping out because I'm hurting or should I really drop out and they do impress on me don't do anything if it's hurting. In instances where severe pain prevents participation, HCPs report referring patients back to their general practitioner (GP)/family doctor, cementing patients' concerns about communicating pain, especially if they have already spoken to their GP and found them to be unhelpful in addressing pain. Current advice in PR to manage pain is limited to heat therapy, transcutaneous electric nerve stimulation, prescription of an assistive walking device, and recommendations to take medications before exercise. Patients' report their own strategies for managing/relieving pain including: bath/shower, rubbing volterol (anti-inflammatory gel) into the affected area, medication, distraction (knitting), relaxation, heat packs and repositioning. It is not clear how these techniques evolved, but it seems to be through the process of trial and error.
an intervention to manage pain Content While patients seem to find it difficult to articulate what they would want from a pain intervention, HCPs indicated that it should align with chronic pain management, emphasizing education regarding causes and specific exercises: HCPs also cited distraction therapy and mindfulness as potentially useful adjuncts to assist with reducing pain:
I would do more mindfulness like a mindful kind of erm approach and maybe some education about being mindful.
[HCP 2 Canada]
Delivery
All interviewees identified PR as an appropriate setting for pain management. The majority of HCPs and patients reported that a pain intervention would be best offered early in the program:
I think yeah at the beginning would be probably be the best.
[HCP 9 Canada].
Although others advocated at least starting the program:
People don't realise how bad they are until they get in the gym and start having to do. [Patient 3 UK] HCPs and patients preferred a group setting with the opportunity to discuss shared experiences for the delivery of a pain intervention:
I think a group discussion would be appropriate. 
Interventionist
A multidisciplinary approach to a pain intervention was most frequently recommended by HCPs although most patients identified physiotherapists as the professional most qualified to deliver a pain intervention. Patients criticized other disciplines such as physicians or psychologists as being too rushed and intimidating. Both the groups felt that a pain intervention would be best delivered by respiratory professionals experienced in pain management:
Well somebody who's obviously trained in pain manage- 
Willingness and barriers for a pain intervention
HCPs were enthusiastic but recognized the need for specific training in pain management as well as time constraints:
As much as we treat the whole patient our focus is so much on the cardio-respiratory part of that you kind of forget your 
Discussion
This is the first qualitative study exploring the role of pain in PR from the perspectives of HCPs and individuals with COPD. The focus of PR on predominantly addressing symptoms of dyspnea deters a broader enquiry of pain. This plus patients' fear that pain might render them ineligible for PR results in patients being reluctant to communicate pain at least until later in the program when they have developed a rapport with HCPs. When exercise aggravates musculoskeletal pain, HCPs will modify and limit exercise. In the upper body and thorax, pain may be aggravated by the increased efforts of breathing as well as local muscle tension, in which case attention to both functional and emotional activities contributing to increased ventilation may be valuable. A COPDspecific pain intervention could be delivered as part of the group education sessions during PR, although specific pain management training for HCPs, as well as additional time, would be required.
Notwithstanding the comorbidities of osteoporosis and osteoarthritis, both of which are increased in COPD, 7 most patients reported thoracic pain, in keeping with previous reports of the prevalence of thoracic pain between 36% and 54% in patients with COPD enrolled in PR. 2, 14 Thoracic pain is much less common in the non-COPD population. 15 In one study although thoracic pain was associated with worse quality of life, no difference in airflow limitation, lung hyperinflation, or diffusing capacity was observed among COPD patients with or without pain.
14 A pain intervention that highlights the interactive relationship between experiences of pain, dyspnea, and anxiety will help patients rationalize how these symptoms interact in COPD. 16, 17 It will also likely reduce non-completion of PR, 5 which is seen as aggravating pain in the short term.
Interestingly although HCPs identified the influence of anxious symptoms on both breathlessness and pain, patients did not make this observation. Similarly, in chronic pain, people often do not link pain and emotions. 18 Including an emotional component in a COPD-specific pain intervention is likely important given the inherent role that thoughts and emotions play in pain processing. A recent systematic review of non-COPD studies suggested that an education program alone is more likely to be effective when it is in conjunction with other pain management approaches. 17 The emotional contribution to pain is often overlooked by patients and HCPs and needs to be addressed. 18 Given its prevalence, a systematic assessment of pain is warranted early in the exercise component and reassessed at the end of the intensive phase. This assessment will result in an intervention plan matched to the severity, duration, and triggers of pain. Approaches will vary depending on the location and underlying pathophysiology of the pain as well as whether it is incidental from injury, in which case reducing activity may be important, or chronic in which case strengthening muscles, reducing ventilation on exertion through increased fitness and addressing attendant psychological impairments would be the preferred approach. For those with chronic pain, instructions to cease exercise are unlikely to be effective and may promote fear-avoidance behavior. 19 There are a number of study limitations to note. The HCPs and patients agreeing to the study were more likely to be interested in the symptoms of pain and more enthusiastic about a pain intervention. The two interviewers had different clinical backgrounds, although the inclusion of participants from two different countries strengthens the authenticity of the findings. This study has focused on the non-pharmacological issues, but clearly any non-pharmacological intervention should be balanced with the necessary analgesics and antiinflammatories. The transcripts were not reviewed to verify accuracy, but the moderate sample size and the inclusion of five researchers (two with experience in PR [SH and AL], one with a psychological background [HE] , and two with expertise in pain [CR and DM] ) in the analysis enhances rigor.
The impact of pain among patients with COPD enrolled in PR is both unrecognized and unreported. The specific effect of PR on pain has not been formally studied although there is optimism that a combination of improved physical function 
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Pain and pulmonary rehabilitation and improved symptoms of dyspnea, anxiety, emotional function, and mastery will complement a pain intervention. A specific pain intervention would be welcomed by both HCPs and patients. The content of such an intervention should be informed by the views of HCPs and patients on the role of pain in PR.
A pain intervention could be provided early in the PR program by HCPs provided that they received additional training in this area. Such an intervention could be in conjunction with other pain management strategies that link pain and breathlessness. A group setting is preferred for delivery with the option for one-on-one support as necessary.
